Objectives-To compare the discriminatory value of differing risk scores for predicting clinical outcomes following PCI in routine practice. 
INTRODUCTION
The ability to accurately predict risk, complications and outcomes of a procedure is fundamental to clinical medicine. For patients diagnosed with significant multi-vessel coronary artery disease (CAD) who require revascularization, the SYNTAX risk score (SRS) is widely used to triage patients to either percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) surgery [1] [2] [3] [4] [5] . In particular, a SRS of > 32, or potentially even > 22, indicates that the complexity and burden of CAD in any given patient is such that CABG, as compared to PCI, is the preferred and most efficacious revascularization strategy [3, [5] [6] [7] . However, the SRS exclusively considers the number, complexity and nature of coronary artery lesions [2, 3] and does not take into account clinical factors or patient co-morbidities. A newly created SYNTAX II score that includes clinical parameters has been described [8] , but its use has not been reported in clinical practice.
In contrast to the SRS, numerous other risk scores and statistical models have been developed to predict outcomes following PCI and CABG that also incorporate clinical patient characteristics [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Some of these, such as the New York State Risk Score (NYSRS) [18] and the Clinical Syntax Score (CSS) [21] , take into account both coronary anatomy and clinical features. On the other hand, the ACEF [20] , modified ACEF (ACEFmod) [21] and National Cardiovascular Data Registry (NCDR) [19] risk scores consider only clinical factors. This distinction is of potential importance as prior studies have shown that lesion-based scores may be inferior to clinically-based scores for predicting post-PCI mortality [23] , while emerging data has raised the possibility that the accuracy of these differing scores may vary depending on the clinical outcome(s) being considered [21, 24, 25] . In addition, these risk scores were originally designed for different purposes, such as predicting in-hospital outcomes (NYSRS, NCDR, ACEF), longer-term outcomes (CSS), or for other reasons such as assessing anatomical complexity (SRS). However, while objective information is lacking, with the exception of the SRS it would seem that in clinical practice these scores are often applied interchangeably and their original purpose not considered.
The aim of this study was to compare the predictive and discriminatory ability of these 6 risk scores with respect to differing 12 month clinical outcomes in stable 'all-comer' patients with three-vessel and/or left main CAD undergoing PCI.
METHODS

Data source and clinical definitions
Patients included in this analysis were evaluated from a single center, institutional reviewboard approved prospective interventional cardiology registry. All patients undergoing PCI are entered into this prospective PCI registry within 24 hours of the index intervention.
Standardized data elements are collected at baseline that include clinical characteristics, procedural details, laboratory data, subsequent in-hospital clinical events and other test results associated with the procedure. For both PCI and balloon angioplasty only (PTCA), procedural success is defined as final TIMI grade II or III flow with less than < 50% residual stenosis. For diagnosing peri-procedural myocardial infarction (MI), all patients had at least 1 troponin-I drawn at least 6 hours after PCI. If this was above the normal limit, a CK-MB was drawn. After discharge, subjects are routinely contacted and undergo 30-day and 12 month follow-up. Major adverse cardiac events (MACE) and mortality are ascertained via phone contact with the patient, family, or primary physician. In addition, hospital records and the social security death index are queried for MACE and mortality. The following definitions were used: MACE = death, MI, or target lesion revascularization (TLR); TLR = repeat revascularization of the target lesion; MI = coronary ischemic syndrome resulting in creatine kinase-MB fraction > 5× upper limit of normal for peri-procedural events, or > 3× upper limit of normal for events occurring after hospital discharge. Troponin was substituted for creatine kinase-MB fraction if the latter was not available.
For adjudication of events, our database management team includes a dedicated physician who screens for potential adverse events. Those that clearly fall into a defined category (death, CK-MB clearly meeting MI definition) are not considered to require further adjudication and are entered directly into the database under the appropriate category. Our PCI reporting system includes extensive details regarding restenotic lesions and revascularization. If clearly documented in the PCI report, then this physician also has the discretion to enter TLR events directly into the database. For borderline events or those requiring clarification, documentation is obtained as required and a senior interventionalist and/or non-interventional cardiologist, or at times several cardiologists, are sought to reach consensus adjudication for the event.
Study population, data extraction and handling
Our interventional registry was retrospectively accessed and data were extracted on patients who underwent PCI between January 2007 and September 2010 with left main and/or threevessel CAD. Eligible patients were required to exhibit a significant stenosis (> 50%) in either the left main coronary artery, or in each of the major epicardial vessels or their major side branches. Exclusion criteria were: cardiogenic shock (unassisted systolic blood pressure < 80 mmHg and/or cardiac index < 2.2 L/min/m 2 ), presentation with ST-segment elevation MI (STEMI), any prior PCI or CABG, prior cardiac transplant, history of cerebrovascular accident with approximately modified Rankin grade 3 or worse neurological disability (moderate handicap, symptoms that restrict lifestyle and prevent totally independent exercise) [26] , chronic liver disease classified as Child-Pugh class B or C, thrombocytopenia with platelet count < 50 × 10 9 /L, intolerance or contraindication to acetylsalicylic acid or thienopyridines, need for major surgery or major concomitant non-cardiac disease with life expectancy < 12 months.
A total of 667 patients were potentially eligible for inclusion, of which 83 (12.3%) were excluded due to either incomplete 12 month follow-up or inability to calculate all six risk scores. As deaths were captured via the social security death index, mortality was not a cause of patients being excluded from this study.
PCI procedure
All patients presenting to the catheterization laboratory routinely received 325 mg aspirin > 90 minutes prior to angiography. In clopidogrel naïve patients, clopidogrel 600 mg was administered 'on-the-table' immediately prior to stent implantation, while patients already taking clopidogrel received an additional 300 mg dose. PCI was performed according to contemporary best clinical practice and using bivalirudin anticoagulation. Technical decisions regarding which lesions were treated, bifurcations, thrombus, calcification, diffuse disease, complex anatomy, stenting of side branches, use of glycoprotein IIb/IIIa inhibitors and the decision to implant bare metal (BMS) versus drug eluting stents (DES) was left to the discretion of the operators. Glycoprotein IIb/IIa inhibitors were only administered as a bolus dose and no patient received an infusion of these medications. Clopidogrel naïve patients who did not receive glycoprotein IIb/IIIa inhibitors received a 1 hour infusion of bivalirudin at the conclusion of the PCI. Aspirin was prescribed at 81 -162 mg/day indefinitely in all subjects, while clopidogrel was prescribed at 75mg daily for at least 12 months.
Risk Score Calculation
Risk scores were arbitrarily selected for analysis in this study based on clinical familiarity and usage, and with a deliberate mix of anatomically-based and clinically-based algorithms. The specific inclusion of the NYSRS was due to mandatory reporting based on this score in our region (New York State). The SRS was calculated for each patient by scoring all coronary lesions using the SRS algorithm as described previously [1, 2] . This was performed by 2 experienced observers, blinded to the patient's clinical outcome. If differing interobserver grading occurred, consensus was reached after review. Other risk scores were calculated based on relevant clinical and coronary angiographic features and patient comorbidities (Supplementary Table I ).
Statistical methods
We applied a standard test to assess distribution skewness and kurtosis of all variables [27] , and unless otherwise stated data are summarized as mean ± standard deviation (SD) or, for data with a skewed distribution, as median and range. Patients were assigned into tertiles for each risk score, with tertiles being estimated from data presented here (and not using other tertiles that have been previously associated with these scores). Comparisons of means in two independent groups were performed by two-tail Student's t test. For skewed data, the Mann-Whitney rank-sum test was used. Multiple group comparisons were performed using Pearson‧s chi-square test for categorical variables and ANOVA for continuous variables.
Risk-score discriminatory ability was also assessed using the area under the receiveroperating-characteristic (ROC) curve. The estimation of the area under the ROC curve (AUC) was performed by nonparametric ROC analysis and the hypothesis of equal areas under two ROC curves from the same sample was tested using the method described in DeLong et al [28] . Statistical analysis was carried out using Stata 11.0 software (StataCorp, College Station, TX).
RESULTS
We identified 584 patients with three-vessel and/or left main CAD who underwent PCI and who were eligible for inclusion. For each patient, we calculated the SRS, CSS, NYSRS, ACEF, ACEFmod and NCDR risk scores (Supplementary Table I ). Patient demographics are presented in Table I . The majority of patients were male (405/584, 69.4%) and clinical features were generally typical of those with multivessel CAD.
Median, range and tertiles for risk scores are presented in Table II and distributions in Figure 1 . The SRS was the only risk score for which females and males had similar scores; for all other scores females had significantly higher scores than males.
Procedural details are presented according to risk score tertiles in Table III , showing that the highest tertile SRS patients tended to had more lesions treated, more stents implanted and a greater total implanted stent length. The opposite was true for clinically-based risk scores, where patients in the highest tertiles generally had fewer lesions treated and lower total stent length. There was no particular trend identified for these measures and tertiles of the CSS. Regarding the use of BMS versus DES, across all risk scores there was increasing use of BMS with higher tertiles of risk, while for DES the opposite was observed, with all scores except the SRS showing progressively less DES use with increasing clinical risk (Table III) . Revascularization was performed in a single PCI session for 40.7% of patients, in 2 sessions for 41.9% and staged across 3 sessions in 17.4%. Of 1869 total lesions treated (mean 3.2 ± 1.7 per patient), procedural success was achieved in 97.4% (1821/1869), while for 2.6% of lesions (48/1869) PCI was unsuccessful.
During the 1 year study period 40 patients died, 25 suffered an MI (16 peri-procedural, 9 spontaneous) and 56 underwent TLR (Supplementary Table II) . Risk scores were considered by tertiles and compared to the clinical outcomes of death, MI and TLR at 12 months (Table  IV) . Mortality was the only outcome predicted by all risk scores (Figure 2 , Table IV ). The SRS and CSS were the only scores predictive of MI ( Figure 3 , Table IV ). For TLR, the SRS was the only risk score that showed a positive trend for this outcome (p = 0.075), however, several scores showed a negative trend for predicting TLR, which was significant for the NCDR score (p = 0.045) (Figure 4 , Table IV ). For MACE, the SRS, CSS, NYSRS and the ACEF were predictive, while the ACEFmod and NCDR showed no association ( Figure 5 , Table IV ).
ROC curve and AUC analysis was performed to further explore the discriminatory ability of these scores for mortality, MI and MACE. ROC curves for TLR are not presented, as no score was positively predictive of TLR by tertile analysis. As the only score to consider purely anatomical coronary artery characteristics, the SRS was chosen as the reference score. For predicting mortality, the SRS had the lowest AUC, and was statistically inferior to the CSS score (AUC: SRS 0.6616, CSS 0.7550; p = 0.019 CSS vs. SRS) (Figure 6 ). The ACEF score also trended towards being superior to the SRS for predicting mortality (AUC: ACEF 0.7586; p = 0.082 ACEF vs. SRS). For predicting MI, the SRS had the highest AUC (0.6648), but was not statistically superior to any other risk score (Supplementary Figure I) . For MACE, the SRS had the greatest AUC and was superior to the NCDR score (AUC: SRS 0.6282, NCDR 0.5333; p = 0.021 NCDR vs. SRS), with a trend towards being statistically superior to the ACEFmod score (AUC: ACEFmod 0.5589; p = 0.076 ACEFmod vs. SRS) (Figure 7 ).
DISCUSSION
While CABG remains the preferred method of revascularization for patients with complex CAD [5, 29] , for reasons such as strong patient preference or comorbidities PCI continues to be widely performed for this indication [30] . While overall outcomes of PCI appear satisfactory, an important component of any treatment modality is that patients can be prospectively managed and advised with respect to their risk for adverse outcomes. This study was designed to compare the utility and respective strengths and limitations of differing risk scores for predicting various clinical outcomes in contemporary PCI patients with triple vessel and/or left main CAD. We found that clinical factors and clinically-based risk scores are generally superior for predicting mortality, although the CSS (considering both clinical and angiographic factors) also performed well for this outcome. On the other hand, purely angiographic factors (SRS) are the most predictive of MI. Strikingly, while the SRS was the most accurate score for predicting MI, it was the weakest of all scores for predicting mortality. Most notably, for predicting MACE all scores showed relatively poor discriminatory ability. As a whole, these findings illustrate the limitations of applying a mathematical model to a complex clinical substrate, and raise several important additional issues regarding risk score prognostication.
Importance of comorbidities
Recently, much attention has been given to the importance of clinical comorbidities in cardiovascular risk scores [8, 21, 22] . As our data has confirmed, these clinical aspects are critical for predicting mortality after PCI. Of all the outcomes considered here, risk score performance was clearly superior for mortality, with the highest values for the area under the mortality ROC curves being in the order of 0.74 -0.76 (ACEF, CSS, ACEFmod, NYSRS). However, our data has demonstrated that these clinical factors are of reduced utility for predicting MI and TLR. Indeed, the purely clinical NCDR risk score was a significant negative predictor of TLR. We suspect that this may be due to a number of reasons. Firstly, in 'real world' practice, patients with an extremely high burden of comorbidities may undergo less extensive PCI-based revascularization (they receive fewer stents and have less total stented length that is at risk for restenosis). In addition, patients with a high burden of clinical comorbidities may also die, or be conservatively managed in preference to returning to the catheterization laboratory.
Given these competing aspects, when outcomes are combined to derive MACE, no score was particularly effective. Most accurate was the SRS, however, the AUC for the SRS for MACE was only 0.6282. Some of the more poorly performing scores had an AUC for MACE that approached 0.5, indicting predictability equivalent to random chance.
Importance of patient selection
An important aspect of our study is the patient population. Patients presented here represent 'real world' clinical practice. In many cases, those with a high SRS that underwent PCI in this study were unwilling to undergo CABG or were deemed at excessive risk for surgery. It is in this precise group of high risk patients that accurate assessment of risk should be considered the most crucial. In contrast, several of the risk scores evaluated here were developed or validated in patients that were at significantly lower risk for adverse events and/or were participating in clinical trials. For example, patients used to derive the CSS from the ARTS-II study were classified by tertiles as CSS low ≤ 15.6, CSS mid 15.6 -27.5 and CSS high > 27.5, with the highest CSS being 209 [21] . In an ARTS-II substudy considering only patients with triple vessel CAD, the CSS high tertile was defined as > 31.2 [21] . In contrast, our tertiles for the CSS were: CSS low < 26.9, CSS mid 26.9 -60.0, CSS high > 60.0, with the highest CSS in our study being 409.7 (Table II) . Although the ARTS-II investigators found the CSS to be superior to the SRS for predicting repeat revascularization and major adverse cardiovascular and cerebrovascular events ('MACCE') at 5 years after PCI, the fact that few very high risk patients were included in that study may have influenced their findings [21] . Importantly, the ARTS-II investigators found improved risk score accuracy when only patients with triple vessel CAD were considered [21] , suggesting intrinsic patient risk influences risk score discriminatory ability. Consistent with this possibility, the ACEF score had an AUC for mortality of 0.65 in that study [21] , which improved to 0.7586 in the current study. Therefore, these findings draw attention to the fact that, just as pretest probability is known to affect the accuracy of a given clinical test, angiographic features and clinical comorbidities may affect risk score accuracy. Moreover, this highlights the importance of properly validating any proposed risk score in the intended clinical patient population, rather than in carefully selected trial subjects. The importance of score calibration and validation in a relevant patient population has been previously suggested in PCI versus CABG patients, where it is known that while certain models may have good predictive ability in the setting of PCI, these models perform sub-optimally in similar patients undergoing CABG [24] .
Complexity of predicting outcomes after PCI
Our study indicates that competing angiographic and clinical factors predict differing clinical outcomes after PCI for triple vessel CAD, and that there are inherent trade-offs made in risk prediction models when outcomes such as mortality, MI and TLR are combined as a composite MACE outcome. These conclusions are supported by Capodanno et al, as they identified that while the ACEF, SRS, CSS, Global Risk Classification (GRC) score and the EuroSCORE showed good predictive ability for cardiac mortality, all five scores showed reduced ability to predict MACE [24] . In addition, other groups have reported similar trends for the CSS [21] and SRS [25] . Therefore, our findings suggest that in clinical practice these differing outcomes may need to be considered in parallel, rather than in combination as MACE, and it is conceivable that more than one risk score may be required to completely evaluate a patient's overall revascularization or PCI risk profile. Certainly, other specialized PCI risk scores have already been developed for predicting bleeding [31] and contrast nephropathy [32] , while a new risk score derived using the National Cardiovascular Data Registry was recently described that includes only patients ≥ 65 years of age and which further segregates subjects based on presence of STEMI [33] . Furthermore and adding even greater complexity, another recent study based on post-CABG outcomes has suggested the predictive importance of differing factors entered into any risk model may be timedependent, such that shock or emergency status are strong predictors of short-term outcomes, but for early survivors these factors are not predictive of long-term outcomes [34] . Our data add to these studies and strongly suggest that the very different outcomes of MI, mortality and TLR may require separate risk algorithms if it is deemed desirable to predict the likelihood of these events after PCI.
Yet another aspect to be considered in any PCI risk assessment is 'bail-out' status or hemodynamic instability. By their nature, these are high risk patients with an increased incidence of adverse events [19] . To avoid patient heterogeneity and address the most common clinical scenario, our study included only stable patients and we excluded those with STEMI presentation or shock. Importantly, 4 of the 6 scores we evaluated do not take any elements of bail-out or unstable patients into account (SRS, CSS, ACEF, ACEFmod), with only the NYSRS and NCDR scores having any domains that capture these aspects (Supplementary Table I ). Of these, the NCDR score has by far the most comprehensive assessment of hemodynamic instability and bail-out status, and we speculate that our results may have differed if our study evaluated this alternate patient group. This underscores the fact that accurate PCI risk assessment is a surprisingly complex undertaking, and that very careful consideration needs to be given to applying an appropriate risk algorithm to any given patient.
Limitations
This was not a prospectively conducted study, but rather, the data of a single center registry were prospectively collected and subsequently analyzed. The population studied (n = 584) was modest in size, but remains larger than several recent comparable studies [21, 22, 25] . Nevertheless, the total mortality was only 40 patients, total number of MIs was 25, and total number of TLRs was 56 (Table IV) . As a result, minor variation in assignation to tertiles for any given risk score may have influenced our results. Our relatively modest procedural success rate (97.4%) reflects the anatomic lesion complexity of this patient group. We were not able to include every possible risk score in this analysis, and in particular we did not consider the EuroSCORE [35] , Global Risk Classification (GRC) score [22] , the new NCDR score for patients aged ≥ 65 [33] , or the new SYNTAX score II [8] . However, as it was not our aim to define the 'best' risk score, the omission of these and other scores is unlikely to have influenced our overall conclusions. Finally, not all risk scores were designed to evaluate the outcomes considered in this study. In particular, some scores were based on inhospital data (e.g. NYSRS, NCDR, ACEF), while others used longer-term follow-up data (e.g. CSS). The SRS was not directly based on outcomes, but was created to evaluate anatomical complexity. Nevertheless, the comparisons made in this study are clinically relevant and consistent with the use of these scores in everyday practice.
Conclusions
Numerous risk scores now exist for predicting outcomes following PCI, and no score has clearly emerged as being superior. In our 'all comers' study of patients undergoing PCI for triple vessel and/or left main coronary disease, we compared six contemporary PCI risk scores and found that while several showed utility for predicting mortality, only the SRS and CSS were predictive of MI and no score was particularly effective for predicting TLR or overall MACE. Our data indicate that in everyday clinical practice, the factors that predispose to death may be very different from those that predispose to TLR, or to MI. Furthermore, these factors appear to partially nullify each other when overall MACE is considered. The present findings clarify the importance of these individual clinical outcomes and their respective predisposing factors, and suggest that physicians may need to tailor and individualize patient risk profile assessment prior to revascularization.
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Table I
Baseline demographics and other patient characteristics. Data is presented as n (%), or mean ± SD. Abbreviations not previously defined: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CCS, Canadian Cardiovascular Society; eGFR, estimated glomerular filtration rate (calculated using MDRD formula); NSTEMI, non ST-segment elevation myocardial infarction. For CCS, data were available for 569 patients. Table II Median, range and tertiles for risk scores. 
Females
Table III
Procedural details according to tertiles of risk scores (mean ± SD). Data shown is per-patient. 
